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least 10 dB above the internally generated noise of the hearing aid and where the aid is not
saturated; this caused the individual components of the acoustic output signal of the hearing
aid to become perceptible. The measurement was thus made in the position involving maxi
mum radiation, i.e. a worst-case situation.

The hearing aid gain at the frequencies of the harmonics were subtracted from the measured
level to obtain the input-related spectrum and overall input-related interference level (OIRIL)
determining the immunity level of the hearing aid concerned.

In order to be able to make immediate comparisons between measurements. they were all
converted to a field strength of 10 VIm. For this conversion. the relationship 1:2 Db was
applied for the field strength and acoustic signal generally used in hearing aids.

~.2 Assessment of intederence

Fig. 4.2.1 shows typically occurring field strengths at the position of the hearing aid where
there are different distances between the mobile telephone and the hearing aid. It should be
noted that the field strengths indicated in the .induction field of the GSM telephone, i.e.
categories I and II, are subject to great uncertainty as it is very difficult to make an exact
field calculation very close to a radio antenna.-·

Normal voice signals, at a distance of 1 m will have a sound pressure level (SPL) of 65 Db.

Listening tests of persons with normal hearing made in connection with the EHIMA project
showed that interference signals with a strength corresponding to an OIRIL SPL of 55 Db
seem acceptable. On the basis of this marginal value, the hearing aids were categorized in
four classes (in the ca.seof DEer. in two classes) depending on their immunity to the inter
ference signal they had been exposed to.

The marginal values of the said categories are intended only as a guide. The degree of inter
ference experienced by the individual hearing aid user will depend on a large number of
parameters, such as the user's hearing handicap, the present tuning of the aid, its orientation
in relation to the antenna of the GSM telephone, the immediate output power of the GSM
telephone, etc.
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Typical field strengths of hearing aid at varying
distances from GSM telephone

Typical field strength of hearing aid
when DEer telephone is used

ci ciiOSMI .:. III • •DECTI
~ III

> 80 Vim
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Fig. 4.2.1 Field strength of hearing aid at varying distances from the mobile telephone.

4.3 GSM

Category I covers hearing aids with an OIRIL of 55 dB SPL or less for a field strength of
min. 80 VIm, corresponding to the field strength in the immediate proximity of the antenna.
In many cases it will be possible to use these hearing aids together with a 900 MHz, 2 W
hand portable GSM telephone in the same ear as the hearing aid.

Category IT covers hearing aids with an OIRIL of 55 Db SPL or less for a field strength
higher than 30 VIm, corresponding to the field strength in the proximity of the opposite ear.
Often it will be possible to use hearing aids of this category together with a 900 Mhz, 2 W
hand portable GSM telephone in the opposite ear, but not together with a GSM telephone jf
this is used in the same ear as the hearing aid.

Category ill covers hearing aids with an OIRll., of 55 Db SPL or less for a field strength
higher than 10 VIm, corresponding to the field strength of a 2 W hand portable GSM tele
phone at a distance of 1 m from the antenna. Hearing aids of this category will in most situa
tions protect the user against interference caused by other persons using GSM telephones.
Hearing aids of this category cannot be used ~g~ther with a 900 Mhz, 2 W hand portable
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GSM telephone, and this also applies if the telephone is used in the ear which has no hearing
aid.

Category IV covers hearing aids with an OIRIL higher than 5S Db SPL for field strengths
under 10 VIm, corresponding to the field strength of a 2 W hand portable GSM telephone at
a distance of 1.43 m. Hearing aids of this category will in many situatIons display interfer
ence from 900 Mhz, 2 W hand portable GSM telephones used by other persons, and users of
such hearing ai,ds will themselves be unable to use such a GSM telephone.

4.4 DECT

The output power of DEer telephones is considerably smaller than that of GSM telephones.
A field strength of 10 VIm corresponds to the field strength at a distance of 35 em from the
antenna of a DEer telephone. This is why interference will probably occur only in case a
hearing aid user wants to use a DECT telephone himself.

No listening tests were carried out to establish the degree of disturbance caused by DECT
signals. The immediate estimate is that DECT disturbance is slightly less than that of GSM
as the basic tone frequency is somewhat lower and, as such, Jess offensive to the ear.

Category I covers hearing aids with an OOOL of 55 Db SPL or less for a field strength
above 25 VIm. In many cases they may be used with an 1800 Mhz 250 mW DEer tele
phone in the same ear as the hearing aid.

Category II covers hearing aids with an OIRIL higher then 55 Db SPL for field strengths
under 25 VIm. Users of these types of hearing aid will not be able to use an 1800 Mhz 250
Mw DECT telephone if the telephone is used in the same ear as the hearing aid.

5, MEASUREMENT OF SELECTED TYPES OF HEARING AIDS

5.1. IntrOduction and objectives

This section deals with immunity measurements made of a selected number of hearing aid
types. The selected hearing aids are representative of the types of hearing aid today supplied
to hearing-handicapped in Denmark.

The objective of the measurements is to establish the immunity level of hearing aids accord
ing to the ruling standard so as to clarify if there are any hearing aid types which are insensi
tive to signals from either GSM or DEer terminals and to determine, in the case of those
hearing aid types which are in fact sensitive to the signals, the distance from a GSM or
DECT terminal at which interference occurs.

The complete Laboratory Report is attached as Appendix 1 to this Report.
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5.2. Financim:

The major part of costs towards the carrying out of the measuring programme was covered
by the Danish GSM network operators, Tele Danmark Mobil and Sonofon. Apart from this,
the TD-L and TAL laboratories, have contributed some fInancing.

,
Through the EmMA project, hearing aid manufacturers covered the costs involved in the
development of the measuring procedure and in listening tests to evaluate interference
effects. '

Expenses towards the ineasurement of hearing aids with special interest for Norway were ~

covered by the Norwegian Tel~mmunications Regulatory Authority (NTRA), whereas a
Danish manufacturer of custom-made hearing aids covered his own expenses towards
measurement of the hearing aid type concerned.

Finally, members of the working group provided resources for the execution of the rest of
the tasks.

5.3. Selection of hearing aid types

The hearing aids to be tested were selected on the basis of the tendering procedure carried
out in Denmark every year for hearing aids supplied from clinics. Requests were made to
those suppliers who had sold hearing aids following the tendering procedures in 1991, 1992
and 1993, inviting them to supply aids for testing (two specimens of each type). Further,
sales fIgures for the equipment covering the said three-year period were requested.

A Danish manufacturer of custom-made hearing aids supplied to clinics who is nof a partici
pant in the tendering contacted at his own request the National Telecom Agency in order to
be considered for the testing. This was accepted on the condition that he.could substantiate
that the aids supplied for the test, as far as immunity was concerned, were representative of
the types supplied to audiological clinics. During the phase when data on the selected hearing
aids were circulated for comments, the Centre for Equal Treatment of the Handicapped
contacted the Group asking if it would be possible for the measuring programme to comprise
a body-worn hearing aid.

Based on Norway's participation in the work of the group, the NTRA in Norway selected a
supplementary eight hearing aids which are used in that country but not in Denmark or which
are supplied in such small numbers here that manufacturers are not invited to submit tenders.

The study comprises a total of 50 hearing aid types (100 aids). It is estimated that every year
50,000 hearing aids are supplied by Danish clinics. Using the sales figures given by the
manufacturers, it may be concluded that the study covers approx. 90% of hearing aids sup
plied in Denmark during the period 1991-1993. The Norwegian figures refer to the supply
over a single year, 1993. As far as Norway is concerned, the study of supplementary types
covers approx. 85 % of aids supplied.
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'The lifetime of a hearing aid is around five years which means that today there is a relatively
large number of aids in use that were supplied before 1991 and, as will be understood. the
study does not comprise these. Assuming that there are 200,000 users of hearing aids and a
-linear- exchange or hearing aids over five years, it may be concluded that the study covers
approx. 76% of hearing aids in use today.

In consequence of this, a considerable number may be expected to be exchanged within the
comiD& 18 months to newer types comprised by the study or to types with better immunity
properties. '

2S~ of bcarin& 2ids supptiaf during the three-year period is of the ITE (m-the-ear) type
which are primarily used to remedy slight to moderate hearing han"dicaps. 74 % are of the
BTE (behind the ear) type whereas body-worn aids total less than 1%. The proportion of ITE
equipment supplied by audiological clinics is rising.

Corresponding figures for Norway are: 41 % in-the-ea.r, 59% behind- the-:ear and bodyworn
less than 1% of the almost 30,000 hearing aids supplied in Norway in 1993.

5.4 Result or measurinl: programme

The result of the measuring programme is shown in the tables below for GSM and DECT
telephones, respectively.

It is a precondition of the mrrectness of the figures that the immunity of hearing aids
me.a.suRd in the study corresponds to the immunity of aids supplied by clinics and that sales
figures ghten by manufacturers correspond to the number of aids supplied by clinics.

Attention is drawn to the fact that the hearing aid, when situated in the near field of the
antenna. is very sensitive with regard to the positioning of the telephone. The immunity fi
gures measured express worst-ase situations, as measurements were made with the telephone
positioned to give maximum interference. Further, measurements were based on the use of a
2 W hand-poIUble GSM telephone. In many cases. however. the dynamic power control of
the GSM system will reduce the output power of the mobile GSM telephone due to the func
tioning of the GSM network. In these cases, interference will be correspondingly less.

The tables show accumulated figures; specific figures for hearing aids of a defined category
are obtained bysubuaeting the figure covering. this category from the figure covering the
closest category which is better.

Example:
The number of bearing aids of category IT is required. The number represents those hearing
aids whid\ tfi'Splay 110 inu:rlerence at a field strength of more than 30 VIm but which are
influenced at more than 80 VIm.

Under category II, table 5.4.1, the column has the figure 50540.
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Under category I in the same table, the figure 21682 is stated. This figure is deducted from
the figure found under category II.

The result indicates that 50540 - 21682 = 28858 hearing aids of category n have been sup
plied.

Two abbreviations are used in the tables:

ITE =
BTE =

\In-The-Ear
Behind-The-Ear
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Table 5.4.1 Results of GSM tests in Denmark

GSM immunity category I n ill IV

Field strength >80 >30 > 10 <10
(VIm)

Total 21682 50540 110105 133605

BTE 1050 18075 76640 99140

ITE 20632 32465 33465 33465

Total % 16 38 82 100

ETE % 1 18 77 100

ITE% 62 97 100 100

Table 5.4.2 Results of GSM tests in Norway

GSM immunity category I n ill IV

Field strength >80 >30 > 10 <10
(VIm)

Total 3539 9239 20708 23909

BTE 352 352 10973 14054

ITE 3187 8887 9735 9735

Total % 15 39 87 100

BTE % 3 3 78 100

ITE % 33 91 100 100
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~ 5 Discussion of measurement rrsuJ.1s

5.5.1 GSM
It may be seen (rom the tables that 82 % of hearing aids supplied by Danish clinics over the
period 1991-1993 have such a degree of immunity that users are.not liable to be disturbed by
other persons using GSM telephones. As far as Norway is concerned, the corresponding
figure is 87% of hearing aids supplied in 1993.

It would appear on the face of it that hearing aids supplied in Norway have a higher degree',
of .immunity than Danish aids. However, the part of the study covering Norway concerns
DD1y hearing aid types supplied in 1993 and the assortment composition is consequently
IlCWICI" on the average, comprising also more ITE equipment than the Danish part of the
study.

As regards the possibilities of using hearing aids together with a hand-portable 2 W GSM
telephone, it may be seen from the table that users of hearing aids of categories m and IV,
which total 62 %, are not expected to be able to use their equipment together with such hand
portable GSM telephones.

It may also be inferred from the tables that hearing aids of the ITE type have the highest
degree of immunity and that there is a great difference between these types and the BTE
type. None of the ITE equipment supplied in Denmark or Norway is expected to display
interference caused by other persons using GSM telephones. -

AtleRtion is drawn to the fact that even though the number of aids of the ITE type is increas
ing, the existing equipment of this type cannot be used to compensate for all kinds of hearing
handicap. Not all equipment will therefore end up being ITE equipment.

It will be seen from the tables that there is a group of hearing aids, totalling 22%, of which
some may be used together with a hand-portable GSM telephone in the ear opposite that
wearing the hearing aid, provided that only one ear is wearing a hearing aid and the hearing
bcW1y of 1he other ear is sufficienL No information is available to the Working Group on
the proportion of the country's hearing aid users that can use this possibility.

It may also be mentioned that today there are 0.8 W hand portable GSM telephones giving a
field strength which is 4 dB lower than the field strength of a 2 W hand-portable telephone.
Reduction of the field strength by 4 Db causes a reduction of the interfering signal of 8 Db.
Accordingly, hearing aids whose OIRIL just exceeds 55 Db when a 2 W GSM telephone is
in operation may be used together with a 0.8 W GSM telephone. It cannot be expected,
however, that there will be the same coverage with a 0.8 W hand-portable GSM telephone as
with a 2 W telephone, since the GSM networks were designed for the use of 2 W
h3nd-portable telephones. In urban areas with a high degree of cove~ge a fair result may
probab1y be achieved, however.
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with hearing aids, it was also decided to leave it to the individual manufacturers to seek
advice on increased immunity of their equipment.

Typically, interference originates in those parts of the circuits where the signal level is low
and the gain is high, e.g. in the microphone amplifier or the microphone itself. Preliminary
results indicate that interference from systems working in the 1800 111iz area will be more
powerful for the same field strength.

Essentially, there seem to be three methods to achieve immunity:

1. Reduction· of the size of the equipment. The smaller the equipment, the higher generally •
the degree of immunity. Typically, ITE equipment has a higher degree of immunity than the
bigger BlE equipment. Especially the length of the cabling connecting microphone and
amplifier seems to be important. For various practical reasons it is not possible to reduce
equipment arbitrarily.

2. The use of decoupling elements as capacitors in parallel with the sensitive inputs or induc
tances inserted in the cabling between sensitive circuit elements may increase immunity. It is
hard, however, to s:ay anything precise about where to position the components for maximum
effei::t and how great this effect will be. It may be difficult to find the space in existing hear
ing aids for supplementary comIX>nents and, besides, inserting these may change the other
properties of the circuits.

3. Shielding the equipment by fitting a tight, metallic shield around the entire amplifier. This
method may be quite effective but also involves certain practical problems. For one thing, it
is difficult to coat the ITE equipment, which has been adapted to the individual user's ear,'
with a thin metal layer. The risk of undesirable short circuits between the shield and parts of
the circuits is considerable, particularly in cases of condensed moisture being present.

As will be seen, the modification of existing constructions may be very difficult and/or
costly. In new constructions, it will be possible to ensure a higher degree of immunity
through the use of one or several of the above methods.

It is highly uncertain, however. whether it is possible with the means d~ribed to produce
BTE equipment with a degree of immunity to allow the use of hand-portable 2 W GSM
terminals and DEer telephones. ITE equipment can achieve a higher degree of immunity but
does not cover all forms of hearing handicap.

6,2 Methods of remedyine intetierence from DECr

Interference seems to occur only in relation to use of the DEer system. Apart from improv:' .
ing the immunity of the hearing aid and as the output power cannot be reduced. interference
may be limited by increasing the distance between the hearing aid and the DECT transmitter.
whether this is a base station or a portable unit.

It is important to note, therefore. that the workplace of the hearing aid user should not be
close to a base station but if possible it should be situated at a distanCe of over 2-3 m.
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8. PROMOTION OF INTERNATIONAL STANDARDIZATION WORK

8.1 Preparation or a product standard for hearing aids

Prompted by the Working Group's Report dated 10 June 1993, the Minister for Commu
nications and Tourism at the time, Arne Melchior, contacted EU Commissioner Martin
Bangemann to ensure that preparation of a product-specific EMC standard for hearing aids
was promoted.

Mr. Bangemann reacted swiftly by giving highest priority to the existing mandate held in this
field by the European standardization organization, CENELEC.

Within the international standardization organization lEe, the UK National Committee in the
spring of 1993 tabled a proposal to start preparing a similar standard. Very soon after it was
tabled, this proposal was approved at a plenary meeting of the IEC and referred to working
groups TC29IWG13 which are working with methods for the measurement of hearing aids,
and SC77fWG7, working with EMC immunity to digital radio equipment

In the autumn of 1993, a major project was started for the European hearing aids manu
facturers' association, ElITMA, by the Technical-Audiological Laboratory and TD-L in'order
to specify measuring methods to determine the EMC immunity of hearing aids. The results
of this project were immediately used by the IEC working groups and members of this
Working Group participated in the project. '

In December 1993, a meeting was arranged in Geneva of representatives of the relevant
CENELEC and IEC bodies and it was decided that the results of the IEe working groups
were to form the basis for the drawing up of a common CENELEClIEC standard.

In February 1994, a working group meeting was held in Copenhagen in which participated
representatives of the two IEC groups. At the meeting, a draft standard was agreed which
has now been sent as Committee Draft to the national committees of the individual countries.

Comments on this proposal are expected to be dealt with at an IEC meeting in London in the
autumn of 1994, and the final Draft International Standard is expected to be submitted for
parallel voting in IEC and CENELEC in late 1994.

The setting up of the WGH Working Group, its work and the Minister's initiative in relation
to the European Commission, together with Danish efforts in the relevant standardization
bodies - all these factors acted together to achieve a swift sequence of events. This means
that a final product standard may be expected already at the beginning of 1995.

8.2 Relationship between EMC Directive and Diredive concemin~medical devices

The EMC Directive (Directive 89/336/EEC) has been in force since 1 January 1992 and its
transitional provisions will cease to apply on 31 December 1995. This means that from 1
January 1996, equipment, in order to be pla~ on the market, must fulfil the essential
requirements of the Directive, such as compliance with harmonized EMC standards published



· 31 -

in the Official Journal of the European Communities with reference to the EMC Directive.
Products complying with the essential requirements of the Directive may be supplied with a
CE marle.

During the period when transitional provisions apply, there is freedom of choice to·either
have equipment fulftl the requirements to protection, which, in the case of hearing aids, are
primarily the immunity requirements, or with the requirements to the product concerned in
force on 31 December 1991. In the case of hearing aids, there were on 31 December 1991
no Danish rules governing their EMC properties. In case the old rules are chosen, hearing
aids cannot be CE marked as far as the EMC Directive is concerned.

In June 1993, the Council of Ministers of the EU adopted a Directive on medical devices,
including hearing aids (Directive 93/42/EEC, the second Directive concerning medical
devices). This Directive enters into force on 1 January 1995 and its transitional provisions
cease to apply on 14 June 1998 after which date medical devices may be placed on the mar
ket only if fulfilling the essential requirements of the Directive. Among_the requirements to
have been fulfIlled in order for medical devices to be placed on the market is protection
against EMC. If hearing aids fulfil the essential requirements of this Directive, they may be
CE marked.

The Directive concerning medical devices is an Individual Directive which, as regards the
equipment regulated under it, may invalidate other directives. As will be understood, from
15 June 1998, the EMC Directive is no longer in force with regard to medical devices.

During the transitional period of the Directive concerning medical devices, equipment may
be placed on the market until 15 June 1998 according to the rules applying as at 31 Decem
ber 1994. As, on 31 December 1994, the EMC Directive is still in the period where its
transitional provisions apply, no essential requirements may be brought to bear from that date
with regard to the EMC protection of hearing aids against EMC interference.

As on and from 1 January 1996, national standards with regard to EMC will lapse and be
replaced by EU harmonized standards which will be converted to national standards, see
Article 7 of the EMC Directive.

Thi$ implies that during the period 1 January to 14 June 1998, there will be freedom of
choice to either have hearing aids CE marked according to the Directive concerning medical
devices or according to the EMC Directive, with the endorsement that marking was made
according to the requirements of the EMC Directive only, see below. As on and from 1
Jcmuary 1996, therefore, essential requirements to the immunity of hearing aids will apply as
provided by the EMC Directive.

8.] CE marking

CE marking was introduced to indicate that a product whose properties are regulated accord
ing to one or several Directives, fulfIl the essential requirements or the requirements to
protection contained in the relevant Directives: The CE mark must appear on the product or
on its packing.
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Directive 93/68/EEC (the -CE Marking Directive-) provides that if a product is regulated by
more than one Directive, it is allowed, during the periods when the transitional provisions of
these Directives apply, to supply the product with a CE mark even though not all require
ments of the Directives have been fulfilled ..

In this case, the CE marking must also contain information as to which relevant Directives
have been fulfilled.

Du.z:i.ng the period until 15 June 1998. accordingly. it is allowed to supply hearing aids with a
CE mark if they fulm the requirements of the EMC Directive but in that case it must be
indicated that the CE marking refers to the EMC Directive only.

9. CONCLUSION

The Working Group has accomplished its task as prescribed in the terms of reference. The
result of its work appears both from the Report of 10 June 1993 and from this Report, both
Reports with Annexes and Appendices.

It may be established that international standardization is underway and that the question of
CE marking of hearing aids in relation to the provisions of the EMC Directive and the
Directive concerning medical devices has been clarified.

It is submitted, therefore. that the Working Group discontinues its activities and is dissolved.



- 33 -

lQ, LIST OF PARTICIPANTS

Jorgen Lang Nielsen (Chairman)
Telestyrelsen
(National Telecom Agency)

Thomas Due Jergensen (Secretary)
Te1estyrelsen

Jimmy Rosenberger
Telestyrelsen

Victor Sepka
Telestyrelsen

Jorgen Kragh
Telestyrelsen

Knud Smldergaard
Danske Deves Landsforbund
(Danish Association of the Deaf)

Ole Mork Lauridsen
Telecom AfS

Arne Foxman
- Tete Danmark Mobil AlS

John Frederiksen •
BMH

Henrik Bech-Hansen
Sonafon

Morten Bang Jergensen
Sonofon

Mogens Wiederholt
Center for Ligebehandling af Handicappede
(Centre for Equal Treatment of the Handicapped)

Nikolai Bisgaard
GN Danavox AfS

Ole Dyrlund
GN Danavox AfS

,



.'
- 34 -

Gert Ravn Jensen
DELTA, Teknisk-Audiologisk Laboratorium
(Technical-Audiological Laboratory)

Finn Glud Konradsen
Landsforeningen for Bedre Hmelse
(National Association for Better Hearing)

John Gjederum
Hjzlpemiddelinstituttet
(Danish Centre for Technical Aids for Rehabilitation and Education)

Ib Gr9J1vaJdt
EIektronikindustrien
(Danish Electronics Industry Association)

Margit Jespersen·
Det Centrale HandicaprAd
(National Council of Handicap Affairs)

Tom Liholt
Statens teleforvaltning
(Norwegian Telecommunications Regulatory Authority)
Norway

Bent Skov
Brancheforeningen for H0Teapparater i Danmark
(Danish Hearing Aids Manufacturers' Association»
Danaflex Aps

• received documents for meetings of the Working Group but did not participate



g
o
:E
elf
I
::r::
Cl
iii
::r::
oJ
o
I
0::
<I:
()

CIl
I
()
::::>
oo
II:
Do
W
()
[:
u.o
CIl
:i:
w
II:
o
z
<I:

2



TELELABORATORIET
Director
Ole Lauridsen, Professor
Telelaboratoriet
TELECOM Danmark

EMC and the new Modulation Technologies.

Introduction.
The focus point of the 1980's for technological development was
undoubtedly 'Information technology'. The 1980's saw the advent
of the inexpensive PC-products, which quickly came within the
pur.Ches±ng capability of most people in the western world. With
the PC's an unprecedented explosion-like development started.

Computing changed in a way, that nobody could have foreseen in
the 60's. In short, computing turned 'Low-Cost' and became 'Per
sonal. ' .

Now a decade later, a technological area, promising even farther
reaching changes to our life and society is emerging. The techno
logical focus of the 1990's is somewhat related to the 'Informa
tion TechnolDgy' revolution of the past decade, but still in most
aspects, this new focus area is quite unique.

This key technology, that I have in mind, is .Personal. Communica
tions' _

The new key technology of this decade share some of the same pro
found characteristics of the ' Information Technology' of the
1980's, namely:

• It will, in the coming decade, influence life and
society to a degree, that nobody will be able to
predict today.

• It is 'Personal', in the true sense of the word,
and it will greatly enhance the productivity of
most people
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It is •Low-Cost'. Therefore most people in the
western world will have the purchasing capability
and interest to acquire ' Personal. CommWlica'tions'
in one form or the other.

It will enjoy widespread use, professionally on
the job and privately.

The ' Personal. CommWlica'tions' revolution offers an additional key
feature of extreme importance, which was not part of the informa
tion technology boost of the 1980' s. 'Personal. CommWlica'tions' is
truly portable.

Some of the earliest 'Personal Communica'tions' platforms already
known and available to us today: GSM, DECT and ERMES are fully
mobile/portable with instant access to the system by a mere press
on a button.

These platforms already combine to some extend the capability of
data and speech. Future 'Personal. Communications' platforms will
be fully integrated data and speech units, containing speech te
lephone capability with high speed datatermi.nal and telefax
functionali ty. All neatly implemented in extremely high scale in
tegrated" silicon chips, resulting into such a small overall size
for the 'Personal Communications' terminal, that it can easily
fit into the inside pocket of a business suit.

Such a 'personal Communica'tions' terminal is in effect a one-man
mobile office. Combining a personal organiser, scheduler, spread
sheet- and word-processing, high-speed dataterminal with almost
instant access to any database in the world, telefax and a "stan
dard" speech telephone.

For a lot of very small businesses a fixed office will no longer
be needed. The 'Personal Communications' revolution will allow
some people to run a small, but successful business without hav
ing the financial burden of a fixed office. A situation the same
people could not have exploited in the 1980's, as a fixed office
were required, and their business opportunities could not cover
these base costs.

'PersonaL communica'tions' will increase mobility in society in a
geographical and social sense. ' Personal Communications' will ex
tent the freedom of choice and the capabilities of the individual
citizen.

A "Snake" Ln Paradise
But, is there really no "snake" in this technological paradise?
Yes, I am sorry to say so, regrettab1y there is indeed a "snake"
in this modern-day Elysium. The "snake" I have in mind is EMC, or
more correctly phrased: potentially lack of EMC.

TELECOM Denmark Ltd.
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Ironically, the "snake", i. e. the potential EMC-problems· are
linked to the very basic foundation of the 'Personal Communica
tions' technology. This new and highly promising technology
solidly rests upon two basic corner-stones. One being the low
cost, but still highly efficient and reliable mobile communi
cations link of cellular radiosystems. The other is the effi
cient, high speed and extremely high scale integrated silicon
chip, which is the basis for the small-size of the terminals.

Both corner-stones: radio transmitters and high speed silicon
chips are regrettably prime sources of EMC-problems in other
electronic equipment.

Compared to yesterday's mobile cellular radiocommunication, the
potential severity of the EMC-problem is aggravated by the fact,
that present, and especially the coming, 'Personal Communica
tions' terminals will be very widespread in use and truly por
table. Truly portable means, that they will be very close to the
actual EMC-victim apparatus, and they will be relative stationary
in use.

In short, the EMC-problem will appear more often, and when en
countered, these EMC-phenomena will be longer lasting, as the
terminals tend to move relatively slowly.

Finally, the advent of new modulation schemes can substant~ally

deteriorate the EMC-scenario.

Telelaboratoriet.
My laboratory, Telelaboratoriet, is part of the Tele Danmark
group, a mayor telecommunication service provider. In the Tele
Danmark group we have for several years been fully aware of the
EMC vs cellular terminal issue.

Telelaboratoriet is the expertise and knOWledge center in the Te
Ie Danmark group in the area of research, development and testing
for the two involved technological disciplines: i.e. EMC and ra
diobased telecommunications. It is therefore only quite natural,
that Telelaboratoriet started to look deeply into the EMC-issue
of the modern 'Personal Communication' technology at a very early
stage. In the passed years, we have accumulated some profound in
sight and knowledge relating to the special radio/EMC-issue.

With this presentation, I would like to share some of our find
ings with you, giving some emphasis to the effect on EMC-severi
ty, that the selection of modulation will have for the environ
ment. Much can be achieved, or lost, EMC-wise by selecting a
suitable or unsuitable modulation scheme for a cellular radio
system.

TELECOM Denmark Ltd.
Tele/aboratoriet
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Cellular Radio System.
The new european cellular radio systems like GSM has already
seized a considerable share of the market for mobile telephony.
A similar success is expected for the DECT system which is just
now coming into operation.

It did not take long, however, before it was recognized, that the
use of the GSH telephones caused interference to other electronic
equipment in their vicinity. The interference problems surprised
many people, although this could have been anticipated.

There are indications from preliminary investigations that also
the operation of DECT may cause equally serious interference
problems.

The interference potential of the GSM and DECT transmitters is
due to the TDMA scheme which effectively produces a 100% ampli
tude modulated radiated signal. The modulation frequency is sy
stem dependent, but in all cases the modulation envelope produces
frequency components throughout the audio frequency spectrum.

The "old" analogue mobile telephones did not present similar pro
blems. The radiated field strength may reach similar levels near
the antenna, but due to the conventional frequency modulation or
phase modulation which maintains a constant amplitude of the ra
diated field strength, the interference potential is far less
severe.

The EMC problem.
The implementation of a Time Division Multiple Access (TDMA)
scheme in GSM and DECT (and in many other cellular radio systems)
has many advantages in terms of transmission quality, range, and
spectrum utilization.

From the EMC point of view the sharing of a certain frequency
band between many users by the allocation of a defined time slot
to each communication channel has the unfortunate result, that
the radiated power effectively appears as 100% square wave "am
plitude modulated".

The details of this "non-constant envelope modulation" is system
dependent. For GSM terminals the radiated power is pulsed with a
ratio between ON and OFF times of 1:8. The repetition frequency
is approximately 217 Hz. For DECT the duty cycle is 1: 24 at
approximately 100 Hz.

We focus our attention on the terminals rather than on the base
stations because the distance to the base stations as a rule is
sufficient to reduce the field strength to a tolerable level. The
terminals will be used at much closer distances to other electro
nics: 1 meter or even less is realistic.

TELECOM DenmarK Ltd.
TeleUUloraroner
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The square wave modulation envelope is demodulated in analogue
circuits, e.g., amplifiers by audio rectification in the diode
characteristics of the pn-junctions. The result is an audio sig
nal with a large number of higher harmonics and a fundamental
frequency determined by the separation between the time slots
used by the terminal.

In analogue electronics with an audio output like telephones and
hearing aids the result is an extremely annoying buzzing sound
which very easily drowns the wanted signal.

Digital circuits may also be disturbed. The exact interference
mechanism is however not so straight forward as in the analogue
case and the problem needs to be studied further.

Interference problems already has been observed in several cases.
The actual number of registered complaints is still relatively
small. Based on the available information we expect that number
will increase dramatically in the nearest future.

Which equipment types are disturbed
Analogue equipment is most likely to suffer from GSM disturb
ances, ~.e., equipment with analogue transducers (thermometers,
strain gages, accelerometers) or equipment with audio output
(hearing aids, telephones, AM radios, HI FI eqUipment). We know
that much of the equipment on the market has insufficient immu
nity.

Also digital systems may be disturbed, although a higher level of
exposure may be necessary. It has been observed already that cash
registers, taxi-meters, petrol pump meters, electronic weighing
machines, detector circuits for remote control of TV-sets and ga
rage door openers, telefax machines, etc, may be caused to mal
function.

GSM signals have caused jamming of on-line credit card terminals.
After a short time the line was disconnected or the credit card
was suspended due to repeated "unauthorized" attempts.

Some of the more dramatic cases involve car electronics. The pro
spects that cellular radios should interfere with the power
steering, the ABS, the fuel injection or inflation of the air
bags has stimulated the imagination.

The number of complaints will increase with the level of public
awareness. Some of complaints of a somewhat curious character may
be expected: an example is a case where the erection of a GSM
antenna tower next to a fish farm was alleged to be responsible
for an increase in the fish mortality rate.

It is common to all the interference cases except the more exotic
ones, that the equipment suffering the disturbance was designed
with no consideration of EMC.

TELECOM Denmark Ltd.
Telelaboratoriet
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The solution
T.be DBSDUrces invested in the GSM, DECT and similar systems, in
devel.opment of terminals and infrastructure, are so huge that the
EMC problem can only be solved by ensuring sufficient immunity of
electroni.c equi.pment being disturbed to al.l.ow it to co-exist with
the cellular radios_

The EKe directive
In Europe this has been in fact a legal requi.rement as of medio
199~ at whiCh time the EMC directive 89/336/EEC was implemented
in the EEC countries. To allow member countries to finish the ne
cessary nati.onal legislation and to give manufacturers amble time
to adopt to the situation a transitional period was introduced by
Directive 92/3l/EEC. Consequently, conformance to the "Principal
Protection Requirements" of the EMC directive is optional until
Jan. 1. 1996.

The EMC directive covers Virtually all electrical and electronic
apparatus and states in article 4(b):

"The apparatus referred to in Articl.e 2 (the scope)
shall be so constructed that ( •••• ) the apparatus has
an adequate l.evel of intrinsic immunity of electromag
netic disturbance to enable it to operate as intended."

In other words .. according to the directive equipment manufactured
and sold for use in an ordinary electromagnetic environment,
which includes cellular radio shall have "adequate" immunity.

This does not so~ve to-days problems. We return to the practical
implementation of the £MC directive bel.ow. Here, we only remark
that surprisi.ngly few manufacturers have accepted the challenge,
irrespective of the advantages of manufacturing for an open euro
pean market including EEC as well as most EFTA countries.

Restri.ctions on the use of cellular radios
A different "solution" is the banning on a general basis of the
use of cellular (or other mobile) radios as has been enforced in
certain vul.nerable environments like hospit~s, airplanes, tele
com- and computer centres.

We recognize that it may be difficult, expensive or even impos
sible to immunize all equipment. In such special cases certain
restricted, hi.gb1y protected environments could be established.
Such secured areas should not be larger than absolutely necessary
and the supervision must be fool.proof.

Otherwise it is only a matter of time before somebody somewhere
inside forgets to switch off the pocket phone and receives a
call ...

TELECOM Denmarl< Ltd.
Telelaboratonet
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Demonstration of conformity
Conformance to the principal protection requirements of the EMC
directive may be demonstrated on the basis of a detailed evalua
tion of the design and construction file for each product by a
"Notified body" i.e. a recognized 3rd party notified to the EEC
Commission.

A more convenient approach involving reference to technical stan
dards is possible according to the directive. Compliance with all
relevarit harmonized standards provides presumption of conformity
to the principal protection requirements of the directive. A har
monized standard is a standard the reference of which has been
published in the 'OfficiaL JournaL of the EEC'.

Evidently this route requires that appropriate EMC standards are
available. This is the case today for only few products. The
standards making bodies, and for EMC this is primarily CENELEC
and ETSI, are very busily engaged with the preparation of stan
dards. Where at all possible by adaption of international (lEC)
standards.

Telelaboratoriet take a very active part in this important work.

Hearing Aid Issue
The interference to hearing aids due to cellular radio services
is unacceptable because it is a general matter of principle, that
people with a handicap shall have access to all public services
to the greatest extent possible, and they shall not suffer addi
tionally due to public activities.

Below follows a brief account of how we at Telelaboratoriet have
approached this specific problem.

Interference to hearing aids
The prevention of interference to hearing aids has top priority
and many resources are invested in a solution.

The project is divided into 3 tasks:

Firstly: the immunity of hearing aids on the market to-day shall
be determined in order to establish the extent of the
problem.

Secondly: an acceptable level of interference should be found.

Thirdly: a method and procedure for testing of immunity shall be
specified.

TELECOM Deamarlc Ltd.
TelelabOratariet
Teleaade2
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Immunity of Hearing Aids
A large number of hearing aids of different types and from dif
ferent manufacturers belonging to EHIMA (: European Hearing In
strument Manufacturers Association) was exposed to simulated GSM
and DECT signals.

The signals were generated in an anechoic room by feeding an RF
signal with pulsed carrier to a vertically polarized transmitting
antenna. The duty cycle and repetition frequency of the pulsed RF
signal and the RF carrier frequency was chosen as appropriate for
the interfering source (GSM or DECT). The response· of the hearing
aids was recorded.

The Overall Input Related Interference Level, OIRIL 1, is used
as a measure of the response.

The results showed a more tan 40 dB spread in the measured
acoustic response.

The unsaturated acoustic response was found to depend quadrati
cally on the applied field strength. This is commonly observed in
analogue audio equipment. It means that a factor of 2 increase of
the applied field strength produces an increase in the response
with a factor of 4.

The electromagnetic field strengths that may actually be encoun
tered in the vicinity of mobile and portable radio telephones are
given in Table 1. The field strength depend on the power rating
of the terminal. GSM terminals are classified according to their
maximum available power. Most terminals belong to the 0.8 Watt,
2 Watt, 5 Watt, or 8 Watt classes. Table 1 states the distance
from the terminal where a certain field strength is found.

Table 1

Field strength Distance

2 Watt GSM 8 Watt GSM

1 VIm 10 meter 20 meter

3 VIm 3.3 meter 6.6 meter

10 VIm 1 meter 2 meter

30 Vim 0.3 meter 0.7 meter

1 The OIRIL is the rms acoustical respons referred to the
input by correcting the measured output spectrum for the
frequency dependent gain of the hearing aid.

TELECOM Denman< Ltd.
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